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METHOD OF FORMING MINIATURIZED
POLYCRYSTALLINE SILICON GATE
ELECTRODES USING SELECTIVE
OXIDATION

TECHNICAL FIELD

The present invention relates to the fabrication of minia-
turized semiconductor devices comprising transistors with a
gate electrode having a significantly reduced height and
width. The present invention 1s particularly applicable to
ultra large scale integrated circuit systems having features in
the deep sub-micron regime.

BACKGROUND ART

As the drive for faster miniaturized semiconductor
devices proceeds apace, 1t becomes increasingly more dif-
ficult to fabricate device features without engendering dis-
advantages. It 1s particularly challenging to form gate elec-
trodes having a reduced height and a reduced width, such as
a height less than 1,000 A and a width less than 500 A,
without creating various 1ssues. For example, 1t 1s extremely
difficult to pattern a gate electrode having a width less than
500 A by conventional photolithographic techniques with
any degree of precision and reproducibility. Moreover, as the
cgate width decreases, the aspect ratio of the gate electrode
dlsadvantageously increases. However, the gate electrode
must be sufficient high to prevent impurity 1on penetration
therethrough 1nto the underlying gate dielectric layer with an
attendant decrease in reliability, as during 1on 1mplantation
to form deep source/drain regions. Moreover, a high gate
height contributes to fringing capacitance between the gate
electrode and associated source/drain regions.

Accordingly, a need exists for methodology enabling the
fabrication of semiconductor devices comprising transistors
having a gate electrode with a reduced width and also a
reduced height. There exists a particular need for method-
ology enabling the fabrication of semiconductor devices

comprising transistors with a gate electrode having a width
less than 500 A and a height less than 1,000 A.

DISCLOSURE OF THE INVENTION

An advantage of the present invention 1s a method of
manufacturing a semiconductor device comprising a tran-
sistor having a mimaturized gate electrode with reduced
fringing capacitance.

Another advantage of the present invention 1s a method of
fabricating a semiconductor device comprising a transistor
having an accurately dimensioned gate electrode with a
height less than 1,000 A and a width less than 500 A, without
adversely impacting gate dielectric integrity and transistor
reliability while preserving the advantageous device perfor-
mance assoclated with deep source/drain implants required
for good contacts.

Another advantage of the present invention 1s a method of
fabricating a semiconductor device comprising transistors
having a gate electrode width less than 500 A and a height
less than 1,000 A with significantly less demanding photo-
lithographic capabilities which would otherwise be required
for such small gates.

Additional advantages and other features of the present
invention will be set forth in the description which follows,
and 1n part will become apparent to those having ordinary
skill 1in the art upon examination of the following or may be
learned by practice of the present invention. The advantages
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of the present invention may be realized and obtained as
particularly pointed out 1n the appended claims.

According to the present invention, the foregoing and
other advantages are achieved m part by a method of
manufacturing a semiconductor device, the method com-
prising: forming a polysilicon gate electrode precursor hav-
ing first side surfaces at a first width and a first upper surface
at a first height, over a main surface of the semiconductor
substrate with a gate insulating layer therebetween; selec-
tively oxidizing the first side surfaces and first upper surface
of the polysilicon gate electrode precursor to form oxidized
layers thereon; and removing the oxidized layers from the
polysilicon gate electrode precursor to form a polysilicon
gate electrode having second side surfaces at a second width
less than the first width and a second upper surface at a
second height less than the first height.

Embodiments of the present invention comprise 1on
implanting 1mpurities, using the polysilicon gate electrode
precursor as a mask, to form deep source/drain regions;
forming nitride layers on the main surface of the semicon-
ductor substrate over the deep source/drain layers on oppo-
site sides of the polysilicon gate electrode precursor; selec-
tively oxidizing the first side surfaces and first upper surface
of the polysilicon gate electrode precursor to form the
oxidized layers thereon, removing the oxidized layers from
the polysilicon gate electrode precursor to form the poly-
silicon gate electrode, removing the nitride layers, and 1on
implanting impurities, using the polysilicon gate electrode
as a mask, to form source/drain extensions. Embodiments of
the present invention further include forming dielectric
sidewall spacers on the second side surfaces of the polysili-
con gate electrode and forming metal silicide layers on the
second upper surface of the polysilicon gate electrode and
on the main surface of the semiconductor substrate over the
deep source/drain regions. Embodiments of the present
mvention enable formation of polysilicon gate electrodes
having a height less than 1,000 A, such as 300 A to 900 A,
and a width less than 500 A, such as 150 A to 400 A.

Additional advantages of the present invention will
become readily apparent to those having ordinary skill in the
art from the following detailed description, wherein embodi-
ments of the present invention are described simply by way
illustration of the best mode contemplated for carrying out
the present i1nvention. As will be realized, the present
invention 1s capable of other and different embodiments, and
its several details are capable of modifications 1n various
obvious respects all without departing from the present
invention. Accordingly, the drawings and description are to
be regarded as 1llustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 through 8 schematically illustrate sequential
phases of a method 1n accordance with an embodiment of the
present invention, wherein like features or elements are
denoted by like reference numerals.

DESCRIPTION OF THE INVENTION

The present mvention addresses and solves problems
attendant upon {fabricating miniaturized semiconductor
devices, particularly transistors having a miniaturized gate
electrode, such as a gate electrode with a height less than
1,000 A and a width less than 500 A. Conventional photo-
lithographic techniques are limited in their ability resolution
capabilities and, hence, cannot be used to pattern gate
electrodes with a width less than 500 A with the requisite
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precision and reproducibility. Reduction of the gate width
disadvantageously increases the aspect ratio of the gate
clectrode. However, the gate electrode must be sufficiently
high to prevent implanted impurities from penetrating there-
though into the underlying gate oxide layer with attendant
degradation thereof, as during 10on 1implantation to form deep
source/drain regions.

The present invention addresses and solves such problems
by forming a gate electrode precursor having a first width
fully within the resolution capability of conventional pho-
tolithographic techniques and at a first height sufficient to
prevent 1mpurity 1on penetration therethrough into the
underlying gate dielectric layer. In accordance with the
present invention, the side surfaces and upper surface of the
originally formed gate electrode precursor are selectively
oxidized, thereby consuming silicon from the side surfaces
and upper surface of the gate electrode precursor. Subse-
quently, the oxidized layers are removed from the side
surfaces and upper surface of the gate electrode precursor
leaving the finally dimensioned gate electrode having a
reduced height and reduced width.

An embodiment of the present invention 1s schematically
illustrated 1n FIGS. 1 through 8, adverting to FIG. 1, an
oxide layer 11 1s formed over a main surface of the semi-
conductor substrate 10. A polycrystalline silicon layer is
deposited and patterned 1n a conventional manner employ-
ing conventional photolithographic techniques to yield a
polysilicon gate precursor 12 having a width tully within the
resolution capabilities of conventional photolithographic
techniques. For example, the polysilicon gate precursor 12

may have a height (H1) greater than 1,000 A, such as 1,000
A to 1,500 A, and a width (W1) greater than 500 A, e.g., 500
A to 800 A. Durmg patterumg, the gate oxide layer 11 may
optionally remain on the main surface of the semiconductor
substrate 10 on opposite sides thereof of gate electrode
precursor 12 or may be removed during gate electrode
precursor patterning.

Adverting to FIG. 2, 1on implantation 1s then conducted,
using gate precursor 12 having the height H1 greater than
1,000 A, followed by rapid thermal annealing to form deep
source/drain regions 20. The height H1 of gate electrode
precursor 12 1s sufficient to prevent impurity ions from
penetrating therethrough into gate oxide layer 11.

Adverting to FIG. 3, a protective dielectric layer 30 1s then
formed on the main surface of semiconductor substrate 10
overlying deep source/drain regions 20 on opposite sides of
polysilicon gate precursor 12. Layer 30 can comprise silicon
nitride deposited by chemical vapor deposition at a thickness
of 50 A to 300 A.

Subsequently, as shown 1in FIG. 4, oxidation 1s 1mple-
mented, as by heating in an oxidizing atmosphere to oxidize
the side surfaces of polysilicon gate electrode precursor 12
forming oxidized surfaces 40 thereon, as at a thickness ot
100 A to 700 A. The selectively oxidized surfaces 40
consume silicon from the polysilicon gate etched precursor
12 thereby reducing 1its lateral and vertical dimensions.

As shown 1 FIG. 5, the oxidized surfaces 40 are
removed, as are nitride layers 30 and the extension of the
gate oxide layer 11. The resulting intermediate structure, as

shown 1n FIG. S, comprises gate electrode 50 havmg a
reduced height H2 less than 1,000 A, such as 300 Atol ,000

A, and a reduced width W2 less than 500 A, such as 100 A
to 500 A. Removal of the oxidized layers 40 and 11 can be
implemented 1n a conventional manner using selective
ctchants, such as a buflered hydrofluoric acid solution.
Removal of the nitride layer 30 can be implemented 1n a
conventional manner, as with boiling phosphoric acid.
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Subsequently, as shown if FIG. 6, 1on implantation 1s
conducted, using miniaturized gate electrode 50 as a mask,
to form shallow source/drain extension 60. A silicon oxide
or nitride liner 70, as shown 1n FIG. 7, may be formed on the
side surfaces of the gate electrode 50 and on a portion of the
upper surface of semiconductor substrate 10, as by chemical
vapor deposition, or silicon oxide may be grown, as at a
thickness of 20 A to 200 A. Silicon nitride/oxide sidewall
spacers 71 are then tormed, as by chemical vapor deposition
at a thickness of 850 A to 900 A, on silicon oxide/nitride
liner 70. The silicon oxide/nitride liner 70 on top of poly-
silicon 1s etched off when the silicon nitride/oxide spacer 71
1s etched. Subsequently, as 1llustrated 1n FIG. 8, the silici-
dation 1s conducted 1n a conventional manner, as by depos-
iting a layer of metal, such as nickel, cobalt or tungsten, and
then heating to react the deposited metal with the underlying
silicon to form metal silicide layers 80 on the upper surface
of gate electrode 50 and on the main surface of the semi-
conductor substrate 10 over deep source/drain regions 20,
resulting 1n the device illustrated in FIG. 8.

The present 1nvention provides efficient methodology
enabling the fabrication of miniaturized gate electrodes
without pushing the limitations of conventional photolitho-
oraphic techniques and without adversely impacting gate
dielectric mtegrity. Advantageously, methodology 1n accor-
dance with the present invention enables a reduction 1n not
only the gate width but also the gate height, thereby avoiding
disadvantages attendant upon a high aspect ratio. As the
deep source/drain regions are prior to reducing the height of
the gate electrode, gate oxide integrity issues are avoided,
and device performance associated with deeper implants for
ogood contacts 1s retained. The reduction 1n gate height also
advantageously reduces Iringing capacitance between the
gate electrode and associated source/drain regions.

The present invention enjoys industrial applicability 1n
manufacturing any of various types of semiconductor
devices. The present invention 1s particularly applicable 1n
manufacturing semiconductor devices with high operating
speeds having design features 1n the deep sub-micron
regime.

In the preceding detailed description, the present mven-
tion 1s described with reference to specifically exemplary
embodiments thereof. It will, however, be evident that
various modifications and changes may be made thereto
without departing from the broader spirit and scope of the
present invention, as set forth 1 claims. The specification
and drawings are, accordingly, to be regarded as 1llustrative
and not as restrictive. It 1s understood that the present
invention 1s capable of using various other combinations,
and environments and 1s capable of changes or modifications
within the scope of the inventive concept as expressed
herein.

What 1s claimed 1s:

1. A method of manufacturing a semiconductor device,
the method comprising:

forming a polysilicon gate electrode precursor, having
first side surfaces at a first width and an first upper
surface at a first height, over a main surface of a
semiconductor substrate with a gate insulating layer
therebetween,;

forming nitride layers on the main surface of the semi-
conductor substrate on each side of the polysilicon gate
clectrode precursor;

selectively oxidizing the first side surfaces and the upper
surface of the polysilicon gate electrode precursor to
form oxidized layers thereon; and
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removing the oxidized layers from the polysilicon gate
electrode precursor to form a polysilicon gate electrode
having second side surfaces at a second width less than
the first width and a second upper surface at a second
height less than the first height.
2. The method according to claim 1, comprising:
forming an oxide layer on the main surface of the semi-
conductor substrate;
forming a layer of polysilicon on the oxide layers;
patterning to form the polysilicon gate electrode precursor
with a gate oxide layer thereunder and extending on the
main surface of the semiconductor substrate; and
forming the nitride layers on the gate oxide layer extend-
ing on the main surface of the semiconductor substrate.
3. The method according to claim 1, comprising:
lon 1mplanting i1mpurities, using the polysilicon gate
clectrode precursor as a mask, to form deep source/
drain regions;
forming the nitride layers on the main surface of the
semiconductor substrate over the deep source/drain
regions;
selectively oxidizing the side surfaces and upper surfaces
of the polysilicon gate electrode precursor to form the
oxidized layers thereon;
removing the oxide layers from the silicon gate electrode
precursor to form the polysilicon gate electrode;
removing the nitride layers; and
1on 1implanting 1impurities using the polysilicon gate elec-
trode as a mask, to form source/drain extensions.
4. The method according to claim 3, further comprising:
forming dielectric sidewall spacers on side surfaces of the
polysilicon gate electrode; and
forming metal silicide layers on the upper surface of the
polysilicon gate electrode and on the main surface of
the semiconductor substrate over the deep source/drain
regions.
5. The method according to claim 4, comprising forming,
silicon nitride sidewall spacers as the sidewall spacers on the
side surfaces of the polysilicon gate electrode.
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6. The method according to claim 5, comprising;:

forming an oxide liner on the second side surfaces of the

polysilicon gate electrode and on a portion of the main
surface of the semiconductor substrate; and

forming the silicon nitride sidewall spacers on the oxide

liner.
7. The method according to claim 3, comprising forming,
the polysilicon gate electrode at a second height less than
1,000 A and at a second width less than 500 A.
8. The method according to claim 7, comprising forming,
the polysilicon gate electrode precursor at a first height
oreater than 1,000 A and at a first width oreater than 500 A.
9. 'The method according to claim 8, comprising forming
the polysilicon gate electrode at a second height ot 300 A to
900 A and at a second width of 150 A to 400 A.
10. The method according to claim 7, further comprising:
forming silicon nitride sidewall spacers on the second side
surfaces of the polysilicon gate electrode; and

forming metal silicide layers on the second upper surface
of the polysilicon gate electrode and on the main
surface of the semiconductor substrate over the deep
source/drain regions.

11. The method according to claim 10, comprising:

forming an oxide liner on the second side surfaces of the

polysilicon gate electrode and on a portion of the main
surface of the semiconductor substrate; and

forming the silicon nitride sidewall spacers on the oxide

liner.

12. The method according to claim 1, comprising forming
the polysilicon gate electrode at a second height less than
1,000 A and at a second width less than 500 A.

13. The method according to claim 12, comprising form-
ing the polysilicon gate electrode precursor at a first height
oreater than 1,000 A and at a first width greater than 500 A.

14. The method according to claim 13, comprising form-

ing the polysilicon gate electrode at a second height ot 300
A to 900 A and at a second width of 150 A to 400 A.
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